Many predict that innovations in retail payment may render cash obsolete. We investigate this possibility in the context of recent payment innovations such as contactlesscredit and stored-value cards. We apply casual inference methods on the 2009 Bank of Canada Method of Payment survey, a representative sample of adult Canadians' shopping behaviour for retail consumption over a three-day period. We find that using contactless credit cards and stored-value cards lead to a reduction in the average cash ratio both in terms of value and volume. Our findings suggest that the impact on cash usage from new payment instruments may be more pronounced when they target low value transactions where consumers favor ease of use, speed and availability.
Introduction
Prior to past innovations in retail payment instruments such as cheques, credit cards and debit cards, the overwhelming majority of transactions were conducted with cash. Significant declines in cash usage for retail payments has prompted some observers to point to the dismal prospects for cash in light of future payment innovations. This paper investigate the impact of recent retail payments innovations, such as stored-value and contactless-credit cards, on household cash usage. These payment innovations are often described and marketed as substitutes for cash, promising fast, convenient and secure payment services at the point-of-sale. 1 However, innovations such as stored-value cards can also be complementary as they allow consumers to store cash on a payment card. Understanding the possible substitution away from cash to electronic payments is important for central banks, such as the Bank of Canada, as they are the sole supplier of cash.
To put things in context we provide a brief overview of the evolution of the payments landscape in Canada. Figure 1 shows how the usage of credit cards and debits cards has increased rapidly while cash withdrawals from automated teller machine (ATM) have fallen over the past 20 years. Table 1 provides estimates of cash usage in terms of value and volume based on aggregate network data. During this 20 year period, the share of cash has fallen. Debit and credit cards account for a large portion of the value substitution while debit has been captured a major portion of the cash volume share. However, despite the widespread diffusion of debit and credit cards the cash volume share illustrates that there is still a role for cash in retail payments.
To understand this phenomena, the Bank of Canada created the 2009 Method of Payments Survey that offers a clear picture of payment choice at the micro level. Table 2 illustrates that cash is dominant in volume and value for micro payment transactions i.e. less than 10 dollars.
As transaction value rises, there is a shift to towards debit card in terms of volume and credit cards for value. Research by Arango, Huynh, and Sabetti (2011) show that consumer pref-1 Examples of stored-value cards are merchant gift cards, pre-paid VISA/Mastercard, etc. They were introduced into Canada around 2000. Contactless-credit cards were first introduced in 2006 and consist of chip embedded on the credit card. It promises convenience and speed as customers need only tap their card on a payment terminal instead of swiping the card and providing a signature for verification. For more information on the Canadian Payments landscape see the following report: http://paymentsystemreview.ca/wp-content/uploads/Payments-Landscape-Full-Report-e3.pdf erence for cash is correlated with speed or convenience, merchant acceptance and low costs.
The main determinants of debit and credit card usage were safety, record keeping, the ability to delay payment and credit card rewards. Therefore, for card payments to compete with cash they must mimic the desirable features of cash.
Stored-value cards and contactless-credit cards were introduced to fill this niche. The attractiveness of these cards for micro payments is the speed of use (e.g. PayPass involves tapping your card at a POS terminal instead of swiping or entering a PIN code) and relative low costs for consumers. Currently, these payment innovations have minimal market share, see Table 2 . Despite the relatively low market share there is a large potential for his market. For example, Borzekowski and Kiser (2008) predict that contactless debit in the U.S. will increase substantially in the next 10 years. Figure 2 shows that the payment profile of stored-value cards is similar to cash that is they are predominately used for low value transactions. For contactless-credit cards, see Figure 2 , the profile is similar at intermediate transaction values (20-50 dollars) to debit.
To gauge the impact of these innovation on cash usage, we use data from the 2009 Bank of Canada Method of Payment (MOP) survey. Using casual inference methods we find that: one, the average treatment effect of stored-value cards results in a decrease of roughly 12 percent in the cash ratio in terms of value and 15 percent for volume; two, the average treatment effect of contactless-credit card results in a decrease of 13 percent in the cash ratio both in terms of value and volume; three, sensitivity analysis suggests the findings are robust to varying degrees of unobserved heterogeneity.
These results coincide with an overall decrease in bank notes in circulation. Figure 3 shows that the notes in circulation as a ratio of GDP has varied between three percent to five percent since 1961. After declining from roughly five percent of GDP in 1981 to a trough of just below three percent in 1981, it has remained fairly stable over the past 30 years. However, the trend by denominations offers a different perspective. Bank notes of $20 or less which are considered principally for retail transactions, have declined steadily since 1961 from roughly 3.5 to 1.2 percent. Meanwhile, bank notes of denominations of $50 and above often held for store-of-value or precautionary purposes, have seen an increase from 1.4 to 2.5 percent over this period. Over the last 40 years, there has been a considerable decline in the use of bank notes for retail transactions. The decline in small value notes is consistent for many countries. Amromin and Chakravorti (2009) conduct a survey of cash usage in 13 countries (including Canada). They segment bank notes into low, medium and high denominations and conduct panel data estimates. They confirm that small value denominations are falling for transaction purposes. Larger denominations are increasing to serve as a store of value function.
The rest of this paper will proceed as follows: Section 2 will describe the micro data used in detail while Section 3 describes the empirical methodology. Section 4 highlights the results of the paper and Section 5 offers concluding remarks.
2009 Means of Payment (MOP) Survey
In order to provide a rich picture of the retail payment landscape, the Bank of Canada conducted an extensive micro survey of Canadians. The Bank of Canada 2009 MOP survey was conducted in November of 2009. Stratified random samples of adult Canadians aged 18 to 75 years old were drawn from access panels to obtain a national representative sample. The inclusion of an offline panel ensured coverage of the segment of the population without internet access. Survey respondents completed a survey questionnaire (SQ) and a three-day shopping diary (DSI), which was optional for participants from the online panel. The SQ included questions on demographics, banking and card information, perceptions on method of payment attributes and cash management or spending habits. The DSI collected records of payment behavior such as type of good purchased, value of transaction, payment method used, and whether any cash was obtained during the transaction. The survey comprised roughly 6,800 SQ respondents, and 3,180 DSI which generated over 15,000 transactions. Finally, sample weights were designed to combine both online and offline samples using the Statistics Canada 2009 Canadian Internet Use Survey (CIUS) and a random digital dialing telephone survey.
The survey specifically asks respondents whether their main credit card was embedded with the contactless feature and whether the feature was used for transaction purposes. Questions about stored-value cards also appear in the survey. Table 2 shows the market shares in volume and value for each retail payment instrument used by individuals in the 2009 MOP Survey.
It shows that cash still accounts for about half of all consumer spending in terms of volume 4 but only about 20 percent in terms of value. Credit cards and debit cards account for about the remaining half in terms of volume, and 76 percent in terms of value. As can be seen, the shares of contactless-credit and stored-value cards are both very small. In 2009, the share of the contactless-credit card transactions was 1.2 and 0.9 percent in volume and value, respectively.
Stored-value card purchases represented 1.1 and 1.6 percent in volume and value, respectively.
We construct two measures of cash usage based on value and volume. For each individual in the DSI, we compute the cash value share or the ratio of total value of cash purchases to total value of all purchases. The second measure, the cash volume share is the ratio of total number of cash purchases to total number of all transactions. We suspect the effect on volume could be more important as the use of payment innovation is more greatly concentrated at the lower transaction value spectrum. We use these measures as opposed to a measure of cash holding, whether at the start of the diary or some average, due to the endogeneity between cash holding and spending. A large cash holding may be party motivated by the anticipation of incurring a large purchase or may be due to precautionary motives. Another issue is that cash holdings is also strongly linked to economic transactions above and beyond retail locations. As a result, we exclusively focus on cash spending at retail locations as a proportion of total spending, and abstract from cash holdings. We only include respondents in our sample who conducted at least three transactions in the DSI. Conditioning on this sample, the average respondent conducts about six transactions, or roughly two per day. Although a diary of longer duration may have resulted in richer payment histories, the costs of collecting such information as well as the limitations of survey completion rates and fatigue effects, made three days the most practical length. For a practical suggestion on diary length see Jonker and Kosse (2009) . Table 3 distinguishes users of contactless-credit and stored-value cards (innovators) between individuals who do not (non-innovators). The sample of innovators is more skewed towards the higher income and education brackets, and also spends more on average in the DSI and carries higher average bank account balances. Table 4 highlights the cash value and volume shares across innovators and non-innovators. The average non-user of contactless, with access to a credit card, spends roughly 32 percent of total value of purchases using cash while this number falls to 12 percent for contactless users. The average stored-value card user spends roughly 17 percent of total value using cash compared to 37 percent for the average non-user.
In terms of volume, the average non-innovator conducts roughly half of all purchases in cash.
The ratio of number of cash purchases to the total number of purchases in the DSI falls to 33 percent for the average contactless-user and to 29 percent for the average stored-value card user. Lower cash ratios in terms of both value and volume between payment innovators and non-innovators is also consistent across demographic groups, such as by income levels. Table   4 also highlights a correlation between cash ratios in value and volume and some observable variables. For instance, the cash ratios are declining as income rises, and as debit and credit cards are more often accepted during one's shopping history. Furthermore, higher rankings of cash in terms of perceptions such as record keeping are associated with higher cash ratios in value and volume. The correlation across age seems to exhibit a U-shaped pattern, with higher cash usage seen across young adults under 25 and the elder over 55. The results are in line with previous studies such as Stavins (2001) , inter alia.
From the DSI we can observe some interesting empirical facts about the use of contactlesscredit and stored-value cards in relation to the traditional payment methods, cash, debit and credit. For example, Table 5 shows that the use of stored-value cards varies across types of purchases but that the bulk of purchases, roughly 43 percent, fall in the category of entertainment or meals, which also includes popular coffee outlets. Contactless-credit card purchases are overwhelmingly used for groceries, 56 percent, and at gasoline stations, 24 percent. Interestingly, the share of contactless-credit purchases in the retail goods category falls to roughly three percent, compared to 22 percent for credit cards. The lower use of contactless-credit feature relative to the traditional swipe-method for this class of purchases which are generally larger on average and more time-intensive suggests both reduced availability from the merchant side and less demand for facilitating the speed of the transaction from the consumer side. Table 6 characterizes the average transaction value by payment method, comparing both weekday and weekend, and morning and afternoon or evening. The data reveal how purchases in the morning are on average smaller than when conducted in the afternoon, and similarly, purchases are on average larger on the weekend than on a weekday. The average transaction value of a stored-value card purchase in general matches closest with the average transaction values for cash purchases, but are slightly larger. This result may be explained by the fact that stored-value card purchases are used slightly more often for gasoline and retail goods pur-6 chases relative to cash. Average contactless-credit purchases are consistently smaller than the average credit card purchases, but this relationship is most evident when comparing among AM purchases. The average morning contactless-credit card is roughly a third of the average morning credit card purchase. Demand for convenience and speed tends to be higher for morning shopping.
The descriptive statistics offer preliminary suggestive evidence that payment innovation, defined by usage of contactless-credit and stored of value cards, is leading to a reduction of cash usage. However, we also observe that payment innovators are not a random sample from the broader population and the decision to use payment innovation may not be exogenous to cash usage. In the next section we discuss how empirically we can conduct a more appropriate assessment.
Empirical Methodology
From our descriptive statistics we find that respondents holding less cash are most likely to use innovative payment choices. This raises the endogeneity issues of whether innovation drives cash usage or vice-versa. Also, there maybe a selection issue whereby a third, unobserved factor, causes an individual both to select an innovative feature and simultaneously to use less cash. An example could be an individual's preference for technology. Under a scenario of selection bias, the causal effect of payment innovation on cash usage may be confounded.
The advantage of the 2009 MOP Survey is that beyond pertinent observable characteristics for each individual, whether demographics, banking profile or shopping behaviour, the inclusion of perceptions on payment attributes captures what otherwise would be unobserved heterogeneity.
We can estimate the relationship using an OLS regression
where CR i is cash ratio, P I i takes a value of one if the individual uses innovation and zero otherwise, and X i is the vector of observables. In order to obtain an unbiased estimate ofδ, the causal parameter, we require that P I is strictly exogenous. However, this assumption is usually not tenable as the adoption of innovation may have feedback effects, see the work of two-sided markets by Rysman (2007).
Therefore, the usage of payment innovation is non-random so we need to control for selection. A common approach, suggested by Duca and Whitesell (1995) , is to estimate a twosystem equation which models the outcome or cash ratio and the selection or payment innovation:
Where P I * i represents the latent utility from using payment innovation or
However, this methodology requires variables, W i , that are correlated with the probability of payment innovation but does not directly affect cash usage. In the econometric literature this shifter is known as an exclusion restriction. The robustness of the results will hinge on the quality of these exclusion restrictions which can be difficult to ascertain. 2 Without exclusion restrictions, identification depends on strong assumptions of normality and functional forms, which may not be tenable. 3 An alternative way to disentangle these issues of selection is to use panel data to account for unobservables. In Lippi and Secchi (2009) or Fujiki and Tanaka (2009) , the authors use the panel structure of their data, Italian and Japanese household data, respectively, to control for unobserved heterogeneity. Unfortunately, our study does not contain panel data and so this feature cannot be exploited.
Program Evaluation Approach
As an alternative to using parametric treatment effects model (2), we draw from the program evaluation literature and adopt the potential outcome or counterfactual framework, see Imbens and Wooldridge (2009) for a more complete treatment. With respect to both measures of cash usage in terms of value and volume, we can define CR i (P I i ) as the cash ratio for individual i, which can take on either of two values, CR i (1) for innovators (P I i = 1) and CR i (0) for noninnovators (P I i = 0). The causal impact can be defined as a counterfactual, CR i (1) − CR i (0), the difference between cash ratios for individual i as a payment innovator and as non-innovator.
However, we only observe either CR i (1) or CR i (0). Instead we compare the cash ratio for a payment innovator with a non-innovator where both share the same observable characteristics.
We can state this quantity as taking the expectation of the difference in cash ratios between innovators and non-innovators, conditional on a set of observables, known as the average treatment effect (ATE) and average treatment effect on the treated (ATT):
The ATE (τ AT E|X ) represents the causal effect for a randomly drawn individual across the entire sample whereas the the ATT (τ AT T |X ) conditions on the sample of innovators. E(·) denotes the expectations operator, a weighted average. From a policy perspective, the later quantity may be more relevant for individuals in the sample who are more likely to become payment innovators. The group of innovators is typically referred to as the treatment group, whereas the non-innovators would be the control group.
In practice, we can estimate the τ AT E|X and τ AT T |X by comparing innovators and noninnovators with the same propensity score, p(P I i = 1|X i ), which denotes the probability that individual i uses payment innovation conditional on observable characteristics. This technique, known as propensity-score matching (PSM), allows for simple estimation of the desired causal impact because it reduces the matching problem from a vector of observable characteristics to a simple unit-dimensional measure. We can write the PSM estimators for τ AT E|X and τ AT T |X as,
where N 1 is the number of individuals using payment innovation, i indexes over the total sample of N individuals. Intuitively these estimators can be interpreted as an average of cash ratios 9 weighted by propensities to use payment innovation. We use psmatch2 to implement the estimation in Stata, see Leuven and Sianesi (2003) , with the propensity score estimated, denoted byp(X i ), using the flexible Logit specification.
A technical assumption required is the overlap assumption, individuals with the same characteristics must be observed both participating and non-participating in payment innovations, or 0 < p(P I i = 1|X i ) < 1. Intuitively, otherwise we would not have a comparison group for this subset of the sample. This later assumption is verified by comparing the propensity scores of the two groups. Upon visual inspection, we find that the two distributions have substantial overlap, results are available upon request.
Our analysis is undertaken in the spirit of Mulligan and Sala-i-Martin (2000) 
Sensitivity Analysis: Rosenbaum Bounds
Crucial to the validity of our results is the assumption known in the literature as ignorability of treatment, that conditional on X, the decision to use payment innovation is random, or in other words, that it is exogenous to the cash ratio decision. Known as unconfoundedness or selection on observables, the assumption requires that two individuals with the same observable characteristics will both be just as likely to participate in innovation. In order for this assumption to hold, there must not exist any remaining factor beyond our current set of control variables that systematically causes two identically observed individuals to differ in their odds of using payment innovation, referred to as hidden bias.
In practice, we cannot directly test the unconfoundedness assumption. However, we can offer some guidance on how much of an impact on the decision to use payment innovation some unobserved factor must have in order to render our results insignificant using the Rosenbaum bounds sensitivity analysis, as described in Rosenbaum (2002) . The Rosenbaum bounds (RB), are framed in terms of ratio of propensities to use innovation for two matched individ-uals, a payment innovator and a non-innovator, with the same observed characteristics. The probability of payment innovation can be written as:
where u denotes an unobserved variable, γ is a scalar and F denotes a cumulative density function. Assuming there is no hidden bias, γ = 0, then the log-odds ratio p(P I i |X i )/p(P I i |X i ) = 1 where X i = X j . If hidden bias exists then γ > 0 so that the log-odds ratio p(P I i |X i )/p(P I i |X i ) = 1. Sensitivity analysis evaluates how increasing the extent to which an unobserved factor impacts the ratio of propensities between two matched individuals reduces the statistical significance of the treatment effect. The RB is the upper bound on how much hidden bias can be tolerated. We use the rbounds program to implement the procedure, see Gangl (2004) .
Results
Propensity score estimates for the first stage are displayed in Table 7 . The treatment effect results are summarized in Table 8 and Table 9 
Sensitivity Analysis
These results are quite significant but are smaller than the difference in means obtained from analyzing 
where β k is the logit coefficient and s k is the standard deviation of variable k. Setting this quantity equal to RB = 2, we can solve for n for each continuous variable in our model. For example, ceteris paribus, for an individual from a matched pair age would have to increase by 7.5 years or merchant card acceptance would have to increase by 30 percent for the treatment effects to become insignificant. These findings suggest our results may remain statistically significant even in the presence of unobserved factors.
Robustness
Table 10 provides a summary of the robustness for various treatment and control groups. We find that the results are qualitatively the same when the treatment group is defined as users of payment innovation with the control group being either defined as non-users, or non-adopters.
Furthermore, the results are similar when we classify the control group as adopters of payment innovation but who are not observed to use them during the course of the diary. There is only a marginally negative impact when the treatment group is adopters of payment innovation and control group is non-adopters. However, when we exclude the users of payment innovation, the impact from adoption is zero. Exhausting the possible cases demonstrates that the impact is primarily due to using payment innovation. In the case of contactless-credit, adoption is not necessarily a choice of the individual and those who have this feature may not use them.
Adoption of stored-value cards is also not necessarily a permanent feature of one's portfolio and therefore the impact from solely adopting this payment feature may not be evident.
Conclusion
We investigate the effects of innovations of retail payment instruments on the use of bank notes in Canada. We also find some evidence that recent innovations in Canada such as contactless credit cards and stored-value cards have led to a reduction in cash usage. We find that storedvalue cards are primarily used for low-value transactions, under $10, while contactless-credit cards are mostly used for intermediate-value transactions, ranging from $10 to $ 40.
These results confirm the hypothesis that payment innovations have led to a decrease in cash usage. The increasing popularity of credit cards and debit cards over the past 20 years have resulted in a shrinking share of bank notes in retail transactions, both in terms of volume and value. However, the advent of contactless-credit cards and stored-value cards, which are designed to be more convenient and less costly, pose a major threat to cash usage. Borzekowski and Kiser (2008) "predict that contactless debit will take market share from cash, checks, and credit, and that the age/cohort effect alone is unlikely to cause debit card use to increase substantially over a 10-year period."
One of the limitations of using the 2009 MOP Survey data in this type of study is that it can provide only a snapshot of the impact of innovation on cash usage. In 2009, the contactlesscredit card was in nascent stage of deployment and therefore our results may be underestimating the current impact. The Canadian Financial Monitor is a household dataset that is 13 conducted on a biannual basis. To better understand the impact of innovation on cash usage, it would be useful to consider how innovation affects cash usage over time. We leave this issue for future research.
• Survey access panel: We control for whether respondents stemmed from the Offline panel.
DSI:
• Credit/Debit card accepted: The DSI asks the respondent for each method of payment respectively, "Which method of payment would NOT have been accepted?" For each individual, we calculate the share of transactions for which both credit and debit were accepted.
• Type of Transaction: For every transaction, the DSI asks the respondent, "What was the main type of goods or service purchased during this transaction?" The following categories: gasoline, goods/retail, services, hobby/sports, entertainment, other. For each individual, we calculate the share of purchases made of each type relative to the total number of purchases.
• Weekend: The DSI asks the respondent for each transaction to report the day of the week on which it was made. Based on this, we calculate the share of weekend purchases for each individual.
• Time of day: The DSI asks the respondent for each transaction to report the time of day on which it was made. Based on this, we calculate the share of PM purchases for each individual.
Perceptions:
• Ease of Use: The SQ asks the respondent "When making a payment, in your opinion how easy is it for you to use each of the following methods of payment? Please use a scale from '1' to '5', where '1' means it is "not at all easy to use" and '5' means it is 'very easy to use.' We calculate the perception for cash relative to credit and debit.
• Record Keeping: The SQ asks the respondent "In your opinion how useful are (or would be) the following methods of payment in terms of helping you to keep a record of your spending. Please use a scale from '1' to '5', where '1' means it is "not at all useful" and '5' means it is 'very useful.'We calculate the perception for cash relative to credit and debit.
• Cost: The SQ asks the respondent "Taking into consideration costs such as withdrawal fees, account fees, and interest paid, in your opinion how costly is it (or would it be) to make a payment using the following methods of payment. Please use a scale from '1' to '5', where '1' means it is "not at all costly" and '5' means it is 'very costly.' We calculate the perception for cash relative to credit and debit.
• Risk/Fraud: The SQ asks the respondent "In your opinion, how likely is it (or would it be) that you will experience fraud in the next year when using the following methods of payment? Please use a scale from '1' to '5', where '1' means it is "not at all likely" and '5' means it is 'very likely.' We calculate the perception for cash relative to credit and debit. Note: Standard errors in parentheses. The 1, 5, and 10 percent level of significance are denoted via ***, **, *, respectively. Estimates obtained using survey weights. The base category for income is Less than 30K, for education is High School, and for region is Ontario. The estimation sample for contactless-credit excludes respondents without access to credit cards. 21 Note: We define non-adopters (N N ) as respondents who do not have access to the technology during the diary. Adopters non-users (N AN ) defines respondents who have access but do not report using the technology. Users (N U ) are respondents who report using the technology at least once during the diary. ATE are the average treatment effects.
Figure 2: Payment Choice Densities
Note: These densities illustrate the probability of using a payment choice at certain transaction value. For example, the probability of using cash is highest for transaction values less than 20 dollars. The transaction value is truncated at 100 dollars and the number of DSI transactions is 11,471.
25 Figure 3 : Notes in Circulation as a Ratio to GDP Source: Bank of Canada. This figure illstrates the value of bank note as a ratio to GDP in terms of three denominations: small (10 dollars and below), medium (20 dollars) and large (50 dollars and above).
